Cultures on artificial media have shown that pollen is highly susceptive to the injurious action of various neutral salts. Lidforss I drew attention to this and his observations have been confirmed and extended by Tokugawa. ~ The extreme sensitiveness of pollen in this regard led the writer to undertake a fuller study of the effect of electrolytes on germination and growth. The present paper embodies in summary form the results of experiments with reference to (1) the toxicities of different single salts, (2) the antagonism shown by certain combinations of these salts, and (3) the influence of hydrogen ions, the measurement of which was made possible by the knowledge gained of the foregoing relations.
KC1 appeared to be somewhat less injurious. Tests with different sodium salts indicate that it is the cation which exerts the toxic action.
BaC12 and MgC1, proved to be roughly fifteen times as injurious to sweet pea pollen as NaC1, the relative toxicities of these substances being determined by the amounts necessary to just prevent germination. That the nature of the cation as well as its valency must be considered, however, is shown very clearly by the results with CaC12. After having tried several single salts with the invariable result that they were highly injurious it was very interesting to find that CaC12 in corresponding concentrations markedly promotes the development of sweet pea pollen tubes. Cultures containing this salt in a concentration of 0.01 M gave tubes nearly 50 per cent longer than the control in salt-free medium. Comparative tests with CaC12 Ca(NOs)2, and CaSO4 showed that in general these salts were very similar in their growth-promoting effects, although at 0.002 ~t, CaSO~ gave consistently higher values than the other two salts, a fact of possible significance.
With Nicotiana pollen, CaCh proved relatively toxic but high per cent of germination and strong growth were repeatedly obtained in cultures containing MgC12 in a concentration of 0.002 M. The average length of the tubes wag somewhat less at 0.01 ~. The similarity of the effect of MgCI~ on Nicotiana and CaCI~ on sweet pea suggests that their action in the two cases may be analogous.
Well marked cases of antagonism were found between calcium and sodium and between calcium and potassium. The addition of 0.04 ~t CaC12 to sucrose cultures gives no greater growth than sucrose alone while the addition of NaC1 in a concentration of 0.01 ~r entirely prevents germination. In cultures containing 0.01 ~r NaCI + 0.04 ~t CaC12, however, the pollen tubes of sweet pea averaged over 30 per cent longer than those in the pure sucrose medium. The injurious effect of 0.01 ~r NaC1 is also overcome when the amount of CaC12 is reduced to 0.01 u. The average length of the tubes with this combination of salts was 192 per cent greater than in the accompanying salt-free sucrose cultures but 20 per cent less than when 0.01 CaCI2 alone was added. Comparable results were obtained when KC1 replaced NaC1. These experiments serve to show that neutral salts in amounts considerably below those commonly employed in culture solutions may be very injurious to pollen. It has been found, for example, that NaC1, one of the least toxic salts tried, excepting CaCI,, added to a sucrose solution in a concentration of 0.0002 ~, or about 11 parts per million, reduces the growth of sweet pea pollen tubes 15 per cent. When it is considered that MgCI2 and BaC12 are about fifteen times as toxic as NaCI it becomes evident that the susceptibility of pollen tubes to injury by these substances amounts virtually to hypersensitiveness.
On the other hand calcium salts in concentrations ranging from 0.02 to 0.002 M markedly enhance the growth of sweet pea pollen tubes. MgC12 has a similar action in the case of Nicotiana: Calcium, moreover, exerts a strong protective action in the presence of the injurious monovalent cations Na and K.
So far as can be determined by microchemical means these salts do not alter the wall of the pollen tube; presumably, their effect is on the protoplast itself. In the light of recent experimentation (Osterhout 3) with other forms better adapted to precise investigation of these phenomena it seems probable that the explanation of the facts presented here lies in changes brought about in the permeability of the cells. Since several gaps exist in our evidence, however, conclusions drawn at this time must necessarily be provisional.
The highly injurious action manifested by the cations of several of the salts used indicates that they penetrate the protoplast very rapidly. Possibly in pure sucrose cultures, exosmosis is a limiting factor in pollen tube growth. The addition of salts of calcium or magnesium may favor development by retarding or preventing this outward diffusion. The protective effect of calcium in the presence of the toxic cations K and Na is best interpreted on the assumption that the entry of these latter into the protoplast is retarded by the calcium.
The mode by which hydrogen ion concentration affects pollen tube growth is largely a matter of speculation. It has previously been been shown by Brink 4 that the time relations of the growth process simulate those of an autocatalytic reaction. It has been demonstrated also that elongation of the tubes in artificial media is related to the digestion of the reserve food materials contributed by the pollen grain. In the case of the sweet pea these stored substances are largely fats and their hydrolysis may constitute the most important chemical reaction in growth. If, as seems not improbable, the other reactions involved wait upon this one, it is the '~master reaction" according to Robertson's ~ hypothesis. If this conception really applies to the case in hand as outlined, the effect of the concentration of hydrogen ions on growth may be a direct one. It is known that the action of the fat-splitting enzyme lipase is favored by a certain Osterhout, W. J. V., Injury, recovery, and death, in relation to conductivity and permeability, Monographs on experimental biology, Philadelphia and London, 1922, 259. 4 Brink, R. A., Am. J. Bol., 1924, xi, (in press ). Robertson, T. B., The chemical basis of growth and senescence, Monographs on experimental biology, Philadelphia and London, 1923, p. viii, 389. amount of free acid. The maximum rate of germination of the pollen and the greatest amount of growth of the pollen tubes occur at pH 6.0. This may be due in large part to the immediate effect of this concentration of hydrogen ions upon the digestion of the reserve food.
